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Introduction
The Hellenic trawl fishery generates a total annual catch of approximately 20 000 t (Fig. 1) , representing some 15% of the total Hellenic catch and 26% of the total wholesale value of the catch (Stergiou et al., 1994a demersal and inshore fisheries resources are over-fished (Stergiou and Petrakis, 1993) . As a result, many important Hellenic fish stocks (e.g. Gadidae, Mullidae), and hence commercial catches, now consist mainly of young fish (ages 0+ to 2 years: Papaconstantinou et al., 1988 Papaconstantinou et al., , 1989 Papaconstantinou et al., , 1993 Papaconstantinou et al., , 1994 Petrakis et al., 1992) . One reason for this may be the small codend mesh size used in Hellenic waters (14 mm, knot-to-knot), causing poor selectivity which results in low yield per recruit and endangers the spawning stocks.
Knowledge of the selectivity of a fishing gear is essential for managing a commercial fishery, and enforcement of gears of high selectivity is important for: (a) the protection of young fish by regulating size at first capture; (b) the maximisation of yield per recruit; and (c) the reduction of discarded quantities (e.g. Pope et al., 1975; Reeves et al., 1992; Cadigan and Millar, 1992) . The size selectivity of the trawl codend is primarily affected by mesh size and secondarily by other factors such as mesh shape, twine characteristics and net construction (Robertson and Ferro, 1988; Reeves et al., 1992; Galbraith et al., 1994) . The use of square-shaped meshes in the codend is one way to increase trawl selectivity (e.g. Robertson and Stewart, 1988) . The meshes used in commercial and experimental trawls are diamond-shaped and elongate under tension. During the haul, as the codend fills with fish, the end meshes are obstructed, water flow is diverted and the codend becomes bulbous (Robertson and Stewart, 1988) . Fish escape mainly through the open meshes at the front of the bulb and forward of this, most meshes are stretched and closed. In contrast, square-shaped meshes remain open during towing. Experimental comparisons between square-and diamond-shaped codends of the same mesh size have shown that the length at 50% retention, L 50 , changes with mesh shape and the change is not always to the same direction but depends rather on the target species. For example, for round groundfish, L 50 is higher for square-shaped mesh (Robertson and Stewart, 1988) whereas for American plaice, L 50 is higher for diamondshaped mesh (Millar and Walsh, 1992) .
Although experiments on codend selectivity have been conducted in various areas of the world ocean, very little is known about codend selectivity in the Mediterranean Sea (Gillat, 1961) . The present study compares the selectivity of the 14 mm (knot-to-knot) diamond-shaped codend, presently used in Hellenic waters, with those of 20 mm square-shaped and 20 mm diamond-shaped codends, the latter being the mesh size proposed by EU for the entire Mediterranean Sea. Size selectivity, estimated using the logistic function, was examined for four commercially important demersal species (Merluccius merluccius, Micromesistius poutassou, Trisopterus minutus capelanus and Lepidorhombus boscii). Selectivity estimates for other commercial and non-commercial species will be presented in a future paper. To our knowledge, there is no information on this subject for the Mediterranean waters. The results of the present study will be useful for the management of the over-fished Hellenic demersal/inshore fisheries resources. Moreover, since efforts are being made for a common EU Mediterranean fisheries policy to be established, this information will be useful for considering possible management schemes.
Materials and methods
Sampling took place at five stations in the Trikeri Channel (western Aegean Sea: st 1 to 5; Fig. 2 ) from 1 to 6 October 1993 and at seven stations in the North Euboikos Gulf (st 6 to 12; Fig. 2 ) from 18 to 25 March 1994. Sampling was conducted with a chartered commercial trawler (length=26.3 m; two engines of 250 HP each). The boat was equipped with sonars, geographical plotter equipped with GPS and Loran C, radar DECCA RM770, VHF and a hydraulic winch of 14 t. Sampling took place during daylight at depths ranging between 73 1964-1989. and 170 m in the Trikeri Channel and between 73 and 210 m in the North Euboikos Gulf. The duration of the hauls ranged between 45 and 60 min, in October 1993, and between 60 and 105 min, in March 1994, being longer at deeper stations but constant for all trials at each station. In all cases, the towing speed was 3 knots, same as in the commercial trawl fishery.
In the experiments we compared the size selectivity of the presently used 14 mm (knot-to-knot) diamondshaped codend (14D) with those of 20 mm squareshaped (20S) and 20 mm diamond-shaped codend (20D). All mesh sizes refer to nominal sizes. We used the covered codend method (Pope et al., 1975) . The three codends were made by the same material and covered by a multi-monofilament diamond-shaped net of 10 mm (knot-to-knot) mesh size that was used in order to retain the specimens escaping from the test codends. The cover was attached directly to the funnel end of the net. In order to maintain a good flow of water and to avoid masking of the codend meshes, the stretched cover net was 2 m wider in radius and 2 m longer than the test codends. The main advantages of the cover technique are that each haul produces a selection ogive, that the estimate of the fish population entering the codend mouth is accurate and that the same technique can be used on a wide variety of gears allowing the selectivity of different gear types to be compared (Pope et al., 1975) . However, there are some disadvantages because the net does not fish exactly as it would in commercial fishing (Pope et al., 1975) .
During the experiments, the 14D, 20D and 20S codends were used on the same net and exchanged randomly at convenient intervals. Each codend fished for 12 hauls. After each haul, the catches of the codend and cover were removed and sorted completely into species separately. Catches were analysed only for the hauls for which the codend was undamaged. The total number and weight per species caught and the individual length (total length, TL; to the nearest mm) of a large subsample of the target species (whenever the number of individuals was greater than 150) were measured either on board or in the laboratory. The size distributions of the measured subsamples of each species were then raised to the totals for the whole catches in the codend and cover. Length measurements were used for the estimation of the following biological parameters: (a) L 50 , L 25 and L 75 , the lengths at which 50%, 25% and 75% of the fish entering into the gear are retained; (b) selection factor, SF; and (c) selection range, SR.
The size selectivity of the codend was determined from the relationship between the probability p of a fish entering the codend and the fish length l (Holden, 1971 ). This relationship is described by the logistic function (Fryer, 1991): where v 1 represents the intercept and v 2 the slope of the curve after applyng a logit transformation. The values of L 50 , L 25 and L 75 can then be estimated from the following expressions:
and:
The parameters v 1 and v 2 are estimated as follows. Suppose that fish of lengths: l 1 , l 2 , . . ., l N enter into the codend of a bottom trawl. The young small fish can escape through the meshes (i.e. low retention probability) but as they grow larger, their chance of escaping gets smaller; eventually, they are too large to escape at all (i.e. retention probability equals 1). Suppose that the numbers of fish in each length class entering the codend are: n 1 , n 2 , . . ., n N and the numbers of fish retained per length class are: y 1 , y 2 , . . ., y N .
If the retention of each fish is independent, then y i has a binomial distribution B i (n i , p i ), where p i is given by (Fryer, 1991) :
The parameters v 1 and v 2 are estimated by maximising the log-likelihood, ln(L) (Fryer, 1991): where N is the number of length classes. The loglikelihood function becomes maximum when:
and The above expression is a system of two equations with two unknown parameters, v 1 and v 2 . Since there is no analytical solution for solving such a system, an iterative algorithm must be used (Lloyd, 1984) .
If v is the maximum likelihood estimator of v and there are sufficient length classes and numbers of retained and escaped fish, then v is approximately normally distributed with mean v and variance matrix R (McCullagh and Nelder, 1989) :
The variance matrix R was estimated as described by Fryer (1991) . In some cases, data may be over-dispersed (i.e. the variation in the data is greater than that expected for data exhibiting a binomial distribution) because the proportion of retained and escaped fish are estimated by subsampling and/or because the retention of fish entering the codend is not independent (Fryer, 1991) . An approximate test for overdispersion can be obtained by estimating the deviance statistic :
where N is the number of length classes for which there are observations, and comparing it to a 2 distribution on N 2 degrees of freedom (Lloyd, 1984) . For overdispersed data, R must be estimated from the equation:
where A is the N 2 matrix:
A T is the transpose of A, and B is the N N diagonal matrix:
The standard errors of v 1 and v 2 are the square roots of R 11 and R 22 , respectively, as described in Fryer (1991) . The 95% confidence intervals of the estimated value of L 50 can be obtained from Fieller's theorem (Finney, 1971 ) by solving the inequalities: when data is not over-dispersed, or: when data is over-dispersed, where t N 2 is the 97.5 percentage of a t-distribution on N 2 degrees of freedom.
Fryer (1991) has developed a model for the estimation of the selectivity parameters in which the between-haul variation is also taken into account. In the present study, the numbers of specimens per species retained and escaped per haul were not enough for the study of between-hauls (and between-seasons) variability. Hence, selectivity estimates were derived from pooling the data over all hauls and seasons.
Codend selectivity was estimated for the following species: Merluccius merluccius, Micromesistius poutassou, Trisopterus minutus capelanus and Lepidorhombus boscii. All selectivity parameters were estimated using a DOS algorithm especially developed for the purposes of the present study. The algorithm is available upon request.
Results

Merluccius merluccius
The number of specimens that entered into 20D and 20S was 2.5 and 3.1 times higher, respectively, than that entered into 14D (Fig. 3a) . The length-frequency distributions of the specimens entered and retained by the three codends were bimodal, exhibiting one mode at lengths 5-15 cm and another one at lengths 30-40 cm (Fig. 3a,b) . Overall, 65.3%, 82.7% and 84.4% of the fish that entered into 14D, 20D and 20S codends, respectively, were under-sized (currently enforced minimum landing size, MLS: 16 cm).
The number of retained specimens was similar for all three codends (Fig. 3b) . Nevertheless, the proportion retained differed between codends (0.88, 0.35 and 0.26 for 14D, 20D and 20S, respectively; Table 1 ). Overall, 60.5%, 52.1% and 41.7% of the specimens retained by 14D, 20D and 20S, respectively, were under-sized. The 14D codend was characterised by the lowest percentage of under-sized fish entered and the highest percentage of under-sized fish retained. The opposite was true of 20S (Fig. 3a,b) .
The number of specimens retained by the cover of 14D was very low (74 specimens) and their lengths ranged between 4-13 cm. In contrast, the number of specimens retained by the cover of 20D was 1002 and by that of 20S 1378 (Fig. 3c) . The lengths of the individuals retained by the cover codends of 20D and 20S ranged between 4-17 cm (Fig. 3c) . A small proportion, 18.6%, of the under-sized fish that entered into 14D was retained by the cover, whereas 77.7% and 87.3% of the under-sized fish that entered into 20D and 20S, respectively, were retained by the cover codends.
The estimated selectivity parameters are shown in Table 1 . For 20S, the estimated values of L 25 , L 50 and L 75 were higher, and that of SR lower, than those of 20D and the 95% confidence interval of L 50 overlapped marginally with that of 20D (Table 1 ). In general, the selectivity of 14D was very poor and the estimated retention probability at length 16 cm was almost 1 (Fig.  3d) . The 20D and 20S codends were selective for specimens with lengths smaller than 26 cm (Fig. 3d) . The estimated retention probability for lengths smaller than 22 cm was lower for 20S than for 20D and, hence, more young fish can manage to escape from 20S.
Micromesistius poutassou
The number of specimens that entered into 20D and 20S were 2.55 and 2.35 times higher than that entered into 14D (Fig. 4a) . The length-frequency distributions of the fish entered into the three codends all exhibited a mode at lengths 20-23 cm whereas those of 20D and 20S showed an additional mode at lengths 16-17 cm (Fig.  4a) . The latter may reflect a local population structure for M. poutassou.
The proportions retained were 0.99, 0.29 and 0.61 for 14D, 20D and 20S, respectively ( Table 2 ). The lengthfrequency distribution of the specimens retained by 14D exhibited a dominant mode at 20-23 cm and a minor one at 8-10 cm whereas those of 20D and 20S a minor one at 16 cm and a dominant one at 20-23 cm (Fig. 4b) . Although the number of specimens with lengths 15-16 cm that entered 20D and 20S was about the same (633 and 552, respectively), the number of those that retained by the cover codends differed considerably between the two test codends and was lower for 20S (31 and 187, respectively). The same was also true for the number of specimens for the second mode. Hence, although the number of fish with lengths between 17-25 cm that entered into 20D was higher than that for 20S (706 and 598, respectively), the number of those retained was higher for the latter (518 and 321, respectively).
Only eight specimens were retained by the cover of 14D (Fig. 4c) and their lengths were smaller than 10 cm. The number of specimens retained by the cover of 20D was about two times higher than that retained by the cover of 20S (Fig. 4c) . Since the number of fish with lengths smaller than 14 cm that entered into the codends was very small (a total of 118 for all 3 codends), comparisons between the numbers of under-sized fish retained in the test codends and their covers are meaningless. Selectivity parameters were not estimated for 14D because the number of specimens retained by the cover of 14D was very small (eight specimens). The selectivity estimates for 20D and 20S are shown in Table  2 . For 20D, the values of L 25 , L 50 and L 75 were higher, and that of SR lower, than those of 20S and the 95% confidence interval of L 50 did not overlap with that of (Fig. 4d) .
Trisopterus minutus capelanus
The number of specimens that entered into 20D and 20S was three times higher than that for 14D (Fig. 5a ). The length-frequency distributions of the fish that entered and retained by all three test codends exhibited a mode at lengths 8-12 cm. Overall, 57.5%, 65.5% and 64.7% of the individuals that entered into 14D, 20D and 20S, respectively, were under-sized (MLS: 10 cm).
The numbers of specimens retained by 14D and 20S were roughly the same and both were higher than that for 20D (Fig. 5b) . The proportion of population retained was 0.99 for 14D, 0.18 for 20D and 0.31 for 20S (Table  3) , and 57.1%, 41.4% and 44.3% of the fish retained by 14D, 20D and 20S, respectively, was under-sized.
Only 14 fish were retained by the cover codend of 14D whereas 4025 were retained by the cover codend of 20D and 3436 by that of 20S (Fig. 5c) . From the under-sized specimens that entered into 14D, 20D and 20S, 1.5%, 88.4% and 78.9%, respectively, were retained by the cover codends. In addition, 100%, 70.8% and 73.8% of the specimens retained by the cover codends of 14D, 20D and 20S, respectively, was undersized. Selectivity parameters were not estimated for 14D because the number of specimens that retained by the cover codend of 14D was very small (Fig. 5c ). For 20D, the estimated values of L 25 , L 50 and L 75 were higher, and that of SR lower, than those of 20S and the 95% confidence interval of L 50 did not overlap with that of 20S (Table 3 ). The data was over-dispersed for both codends at a significance level of a=0.05 (20D: of 14D, from the SF value of 20D, was 9.6 cm. For all length classes, the estimated retention probabilities were lower for 20D than for 20S whereas both 20D and 20S were not selective for specimens with lengths greater than 23 cm (Fig. 5d) .
Lepidorhombus boscii
Overall, 171, 143 and 675 specimens entered into 14D, 20D and 20S, respectively (Fig. 6a) . The proportions retained were 1.0, 0.66 and 0.90 for 14D, 20D and 20S, respectively (Table 4) . Forty-eight specimens were retained by the cover codend of 20D and 69 by that of 20S (Fig. 6c) , their lengths being smaller than 13 cm. The estimated selectivity parameters are shown in Table  4 . Although selectivity estimates were based on a small number of fish retained by the cover codends, the model had an overall good fit. For 20D, the estimated values of L 25 , L 50 and L 75 were higher, and that of SR lower, than those relative to 20S and the 95% confidence intervals of L 50 did not overlap (Table 4) . A rough estimate of L 50 for 14D, obtained from the SF value of 20D (Table 4) , was 7.2 cm.
Discussion
In the present study we compared the size selectivity of the 14D codend, presently used in Hellenic waters, with those of the 20S and 20D ones. The seasonal effect as well as the between-haul variability, both of which affect selectivity estimates (e.g. Fryer, 1991) , were not taken into account in the present study. This information is provided for the first time for the Mediterranean waters. Although selectivity experiments were also carried out in Hellenic waters in 1985 (Tsimenides and Petrakis, 1985) , conclusions were drawn from the comparison of length-frequencies in the two codends used (i.e. 14D and 20D). Our results showed that although the towing time and the number of times each codend was shot were equal, the number of fish entered 20D and 20S was higher than that entered 14D (Figs 3 to 6 ). Such a difference may either reflect the changing population that the gear met or indicate that the larger meshes caught more fish irrespectively of fish size. With the exception of M. merluccius, the direct estimation of the 14D L 50 values was not possible, because of the small number of specimens that escaped through that codend, and hence L 50 values were estimated indirectly from the SF value of 20D. In addition, it was not possible to examine the dependence of SF on mesh size because of the limited number of different mesh sizes used. However, it is commonly assumed that SF is independent of mesh size, as a result of a direct proportionality between L 50 and mesh size, although this may not be true for all species (e.g. Liu et al., 1985) . We point out that selectivity estimates for L. boscii and M. merluccius may be biased because of the small sample size. Finally, overdispersion was observed only in the case of M. poutassou and T. m. capelanus (Tables 2 and 3 ) and must be attributed to subsampling which was necessary because these two species were caught in large numbers when compared with M. merluccius and L. boscii (Stergiou et al., in press ).
Our results clearly showed that 14D was not selective for the four studied species. The proportions retained for 14D were very high, ranging from 0.88, for M. merluccius, to 1, for L. boscii. The directly estimated 14D L 50 value of M. merluccius was significantly smaller than those of 20D and 20S. In general, the square-shaped codends have been found more selective than the diamond-shaped ones of similar mesh size for roundfish, such as haddock and whiting (Robertson and Stewart, 1988) whereas the opposite is true for flatfish (Harris and DeAlteris, 1992; Millar and Walsh, 1992) . In this study, only in the case of M. merluccius did the results suggest that 20S has a higher/sharper selectivity (higher L 50 and SF values, lower SR) and retains fewer undersized fish than 20D. The directly estimated 14D L 50 value of M. merluccius was lower than its MLS. In contrast, for 20S and/or 20D codends, the estimated L 50 values of the target species were generally close to, or higher than, the corresponding MLS, especially so if one takes into account the fact that L 50 values may be slightly under-estimated due to the masking of the cod-end meshes (Robertson and Stewart, 1988) . However, such comparisons with the existing MLS regulations would only be meaningful when MLS have been adopted on sound biological reasons. This is discussed further below.
Although there are no data concerning recruitment over-fishing in Hellenic waters, experimental trawl surveys do strongly indicate that demersal and inshore fish stocks suffer growth over-fishing and are characterised by low yield per recruit (Papaconstantinou et al., 1989 (Papaconstantinou et al., , 1993 (Papaconstantinou et al., , 1994 . In addition, catch-effort studies also show that demersal and inshore stocks are highly over-fished (Stergiou et al., 1994a ). An increase in mesh size from 14D to either 20D or 20S will increase yield per recruit and reduce discards. Further experiments with different mesh sizes are, however, required in order to determine the optimum mesh size per species.
An increase in mesh size from 14D to either 20D or 20S will be also beneficial to the spawning stocks in terms of their maturity characteristics. Hence, although the L 50 value of 20S for M. merluccius and that of 20D for L. boscii are close to their MLS, both L 50 and MLS are much smaller than their lengths at 50% maturity (Table 5 ), a fact indicating that even the use of 20S and 20D respectively, associated with a high level of exploitation, provides small opportunities for reproduction. The same is also true of 14D and 20D, for M. merluccius, and of 20S, for L. boscii. Hence, according to our results for these two species, the appropriate mesh sizes must be larger than 20 mm and their MLS must also be raised. The same is also true of other large-sized fish species such as Lophius budegassa, Zeus faber, Uranoscopus scaber, Torpedo marmorata and Trigla lucerna (all test codends retained all individuals: Stergiou et al., 1994b) . If MLS must be somewhat larger than the length at 50% maturity, then the appropriate codend mesh sizes for M. merluccius and L. boscii can be roughly estimated from the SF values of 20S and 20D, respectively, and must be around 40S and 40D, respectively. In contrast, for T. m. capelanus and M. poutassou, the L 50 values of 20D were close to their lengths at 50% maturity (Table  5 ), a fact indicating that 20D is appropriate for the above mentioned two species. Hence, the use of a single appropriate mesh size for the Hellenic trawl fishery as a whole is impossible and the use of a single mesh size will be a compromise in which some species will have a smaller chance to escape through the codend whereas others will have a smaller chance to be retained. This is typical of multi-species fisheries (e.g. Sainsbury, 1984; Liu et al., 1985) , such as the Hellenic and the Mediterranean trawl fisheries, the catch of which is composed of many species differing in their body shapes and sizes (e.g. from small 5-6 cm Gobiidae to very large rays).
From the results presented here it also becomes clear that 14D is harmful, in terms of size of individuals landed. It has been shown elsewhere (Stergiou et al., in press ) that the 20D and 20S codends allow significantly more numbers of species to escape through the meshes and are characterised by considerably higher ratios of commercial to discards species than 14D. Hence the use of 14D should be discontinued. It is worth pointing out that the replacement of 14D by either 20D or 20S will not be accompanied by any significant commercial loss inasmuch as the majority of the individuals escaping through the meshes of 20D or 20S are under-sized (i.e. their length is smaller than MLS). et al. (1989) . ** Politou and Papaconstantinou (1991) .
